Throughout the economies of the world, construction industry plays an important role. A major share of the activities within the industry takes place in the housing market. Since the mid-1990s, increases in housing prices have been frequently observed in a variety of countries. In order to explain the price increases, researchers from a multitude of disciplines have studied the housing markets. However, research output from construction management domain is scarce. This research study presents an agent-based model (ABM) named Housing Market Laboratory (HoML) for the purpose of testing hypotheses related to housing price formations. The model comprises three types of agents representing developers, households, and land owners who trade two commodities simultaneously: land and housing units. Combining rules adapted from standard urban economics with a cellular spatial model, HoML allows agents to interact using bilateral bid and ask prices. While the focus of this research paper is the theoretical underpinnings of the land use and housing models, several experiments are presented in order to demonstrate the use of the model. The results of these experiments suggest that HoML conforms to the behaviors of earlier models. Furthermore, an experiment focusing on developer behavior demonstrate the potential of HoML in exploring differing objectives of agents which trade in housing markets.
INTRODUCTION
Since the late 1990s, significant price increases in housing prices have been observed throughout the world. Researchers from multiple disciplines proposed various political, institutional, cultural and psychological factors (Shiller 2005) as potential causes of increasing prices. Recently, research interest in housing prices has grown within the architecture, engineering, and construction (AEC) domain. In this line of research, a diverse set of factors were studied including government intervention policies (Hwang et al. 2013; Hui et al. 2011; Park et al. 2010) , housing supply and information levels (Zhang et al. 2013) , and household consumption (Hui et al. 2012 ).
This research study presents an agent-based model (ABM) named Housing Market Laboratory (HoML) for the purpose of testing hypotheses related to housing price formations. To this end, Parker and Filatova's (2008) framework is utilized where traditional top-down market clearing conditions are replaced by agent level interactions. In this framework, three types of agents (i.e., developers, farmers and households) form bid and ask prices for land and housing units based on their willingness to pay (WTP), their willingness to ask (WTA) and the market conditions.
There are existing agent-based models which have been based on Parker and Filatova's conceptual framework. Firstly, "Agent-based Land Market" (ALMA) by Filatova et al. (2009) demonstrates a model where two types of agents operating in an urban area (i.e., households who buy land, and farmers who sell land) exchange spatial goods via market mechanisms. The model replicates relevant theoretical results of the traditional urban land models (e.g., Alonso 1964) . It further explores how urban morphology and land prices change as the relative market power of buyers and sellers changes. Secondly, "Coupled Housing and Land Markets" (CHALMS) by Magliocca et al. (2011) builds on the same framework by modeling consumers, farmers, and single a developer trading spatial goods in related housing and land markets. The focus of the model is the spatial patterns that emerge out of the interactions between agents. Thirdly, Robinson et al. (2012) refer to the framework in their ecosystem process model with a specific focus on land-use and land-cover change patterns. Finally, the model proposed by Zhang et al. (2013) applies the framework to an empirical study of the urban housing market in Beijing using geographical information systems (GIS) data.
HoML differs from the previous work on two counts. First, all three agents, namely developers, farmers and households are represented. Second, multiple developers take part in land and house transactions as opposed to the models with a single developer (e.g., Magliocca et. al. 2011) . It is the developer agent that represents firms of the AEC industry which vary in decision making, goals and resources. HoML's major contribution is providing the means for exploring this heterogeneity.
This research study is presented in the following order. Initially, HoML is described using Overview, Design Process Detail + Decision (ODD + D) protocol which is a standard for describing ABMs that includes human decision-making (Müller et al. 2013) . Following this description, a series of experiments are presented in order to demonstrate the use of HoML in the analysis of factors hypothesized to have an effect on housing price formations. The study is concluded with a discussion of models output and future directions.
THE PROPOSED MODEL Overview Purpose
The purpose of this model is to contribute to the understanding of price formation patterns in housing markets. HoML has been designed for scientists, policy makers and practitioners interested in housing markets. Potential benefits of HoML include testing of hypotheses, system understanding and theory development about housing price formations.
Entities, state variables and scales
The model consists of three types of human agents: farmers, developers and households. Human agents trade two commodities: land and housing units. The trade among the agents are based on bilateral ask and bid prices. Space is represented by a grid of cells with a central business district (CBD) at the center.
Farmers are the initial owners of land who own exactly one cell on the grid. They are characterized by their location on the grid and their ask price to give up their land. Farmers prepare this price based on their reservation price which is the assumed expected return from agricultural production. However, in order to capture economic surplus, they set their ask price higher the expected return. Developers seek profit maximization and they are characterized by their money capital, their profit expectation and their estimate of construction cost. Acting as the intermediary in the market, they submit bids to farmers for land and receive bids from households for housing units. In determining the bid prices to farmers, developers rely on their estimates of how much households will pay for housing units. Households are characterized by their income. They seek utility maximization.
The initially set numbers of agents are the exogenous drivers of the model. In the explicit modeled space, each cell represents one identical unit of land which is characterized by proximity to CBD and level of environmental amenities. On one grid cell only one housing unit can be placed. The model runs until no transactions occur between buyers and sellers or until all households have been assigned to developed land. Each discrete time step is considered a trade period.
Process overview and scheduling
In each trade period, the following five land related activities take place. 1.Developers determine their bid price for land. 2.Farmers determine their ask price for land. 3.Developers determine which piece of land to bid on. 4.Developers submit their bid to the associated farmer. 5.Developers and farmers trade. After the completion of the land related activities, the following five housing related activities take place:
6.Households determine their bid price for housing. 7.Developers determine their ask price for housing. 8.Households determine which housing unit to bid on. 9.Households submit their bid to the associated developer. 10.Households and developers trade.
Design Concepts Theoretical and empirical background
The theoretical background of HoML is provided by Parker and Filatova's framework (2008) on bilateral agent-based land markets with heterogeneous economic agents. This framework combines rules adapted from standard urban economics with a cellular spatial model.
In HoML, agents' decision models are based on various assumptions. All three agents are assumed to have with imperfect information about the market because none of the agents have perfect information about future demand for land commodities. Developers, farmers and households are fully rational since they seek profit maximization, maximization of economic surplus and utility maximization respectively.
Individual decision-making
Developers determine their WTP for land and WTA for housing units. Farmers determine their WTA for land and households determine their WTP for housing. All three agents also determine who to trade with. On the demand side developers and households determine who to submit bids to. On the supply side, farmers and developers determine whose bid to accept.
Individual sensing
All three agents know about the number of buyers and sellers in every trade period. For every cell on the grid, distances from the CBD are known by all agents. Developers sense their location, capital, expected profit rate, estimated construction cost and the bids submitted by households. Households sense their location, budget and the housing units being offered by developers. Farmers sense their reservation price for agricultural land and the offers submitted by developers. For all agents spatial scale of sensing is global.
Individual prediction
Developers predict the WTP of households by using the utility function available to households. In the future versions of HoML, agents will be to make predictions based on past data as well.
Interaction
The interactions among agents occur via market in a form of matched bid prices and ask prices. Farmers interact with the highest bidding developer, and developers interact with the highest bidding household. In the future versions of HoML, interaction among agents will include competition where households will compete with each other for housing and developers will compete with each other for farm land.
Heterogeneity
Agents are heterogeneous at two levels. Firstly developers, farmers and agents behave differently and pursue different objectives. Secondly, some agents are heterogeneous with regard to their own type. In the current implementation of HoML, developers are differentiated from each other by capital, profit expectations and construction cost estimates where as households vary by their level of income.
Stochasticity
Stochastic processes are activated during the submission and evaluation of bids. When there are multiple and identical spatial goods which meet the objectives of agents, the spatial good gets selected randomly. Likewise, if an agent has been offered identical bids, the bid that gets evaluated is selected randomly. The random seed affects these selection processes therefore each experiment is ran 30 times to check the robustness of the results. Alternatively, the random seed can be fixed in order to repeat the experiments precisely.
Observation
The main emergent phenomenon observed in HoML is the price formation and spatial patters of urbanization. Therefore, mean and total housing prices, as well as dimensions of developed land are recorded at the end of each trade period.
Details

Implementation Details
The model is implemented in Java using multiple threads. The underlying design pattern is the model-view-controller (MVC) pattern. The binaries and source will be made available upon request following the defense of the PhD dissertation by A.T. Ozbakan at the Izmir Institute of Technology, Izmir, Turkey.
Initialization
The model is initialized with as many farmers as the number of cells. Number of developers and number of households are varied. All initialization parameters are shown in Table 1 .
Submodels
In determining bid and ask prices, all buyers and sellers adjust their WTP or WTA based on their relative market strength as suggested by Parker and Filatova (2008) : ( 1 ) and ( 2 ) The variable gets computed at each trade period as shown below:
where and are number of buyers and number of sellers respectively, who are active during the trade period. Based on the bid and ask prices determined in Eq. ( 1 ) and Eq.( 2 ) the price for land is formed: ( 4 ) Developers determine both a for land and a for housing units. In order to determine , developers use the following profit maximizing objective function: ( 5 ) where is the expected net profit of developer of at location ; is the developer's estimate of how much households are willing to pay for housing at that location (i.e. the revenue estimate of developer);
is the willingness to pay of developer for land; and is the construction cost estimate of the developer at location . and together constitute the total cost of developer at location . Using an expected profitability ratio (EPR) shown below, ( 6 ) it is possible to solve for ( 7 ) where gets further compared against the capital constraint of developer . In order to estimate households' willingness to pay denoted by , developers use the following function provided by Parker and Filatova (2008) : ( 8 ) where is the household income; is the unit transportation cost, and is the distance from location to CBD which varies by distance; is a proxy for the prices of other goods; and is the utility that households derive from a given housing unit. The term in the above equation can be estimated by a Cobb-Douglas utility function: ( 9 ) where is the level of environmental amenities and is the proximity to CBD at location ; and is overall utility households derive from the physical attributes . In the same equation, , and are household's preferences for environmental amenities, proximity to CBD and physical attributes respectively.
Farmers determine their WTA for land based on their reservation price which is the expected return from agricultural production . However, in order to capture economic surplus, they inflate by a constant:
Farmers and developers compute their ask and bid prices using Eq.( 1 ) and Eq.( 2 ) respectively. The trade between the highest bidding developer and the farmer sets the actual sale price of land as shown in Eq. ( 3 ). Once farm land is traded, developers determine their ask price using the following formula: ( 11 ) On the demand side, households use the result of the function in Eq. ( 8 ): ( 12 ) Developers and households compute their ask and bid prices using Eq. ( 1 ) and Eq. ( 2 ) respectively. The trade between the highest bidding household and the developer sets the actual sale price of land utilizing Eq.( 3 ).
The model parameters and their default values are shown in the 
EXPERIMENTS
Several experiments were performed with HoLM. As seen in Figure 1 , parameters entered in the setup panel located on the left hand side of the application produce spatial and economic outcomes that can be observed on the metric and grid panels located on the right hand side of the application.
Figure 1 HoLM user interface
The experiments presented in this research paper investigate effects of the agent characteristics on housing prices and spatial morphology. For this purpose, the following experiments in Table 2 were performed. Experiment 1 and Experiment 2 are designed to test the hypothesis that increased tolerance for commuting among households causes urban expansion. Experiment 3 and Experiment 4 are designed to test the hypothesis that locations with higher economic rent require higher capital. Each experiment is performed 30 times to control for the random effects. Table 3 shows the output of the four experiments outlined above. The comparison between Experiment 1 and Experiment 2 suggest that as households' preference for proximity decreases, the city borders expand. This was the observed behavior in earlier models (e.g., Filatova et al. 2009 ). Experiments 3 and Experiments 4 suggest that in order to trade in areas with higher economic rent, developers need to invest with more capital. In the mono-centric model presented in HoML, the areas with higher economic rent are closer to the CBD. The spatial layout presented below confirm that as developer's capital increases from 250 to 600 units, more centrally located plots of land become accessible. This also results in increased sale prices of housing units and increased amounts of bids submitted by developers. 
DISCUSSIONS AND FUTURE WORK
In this research paper, we present an agent based model named HoML which was developed in order to test various hypotheses related to housing prices formations. HoML conforms to the behaviors of earlier models and additionally allows focusing on distinct objectives of agents which trade in housing markets. However, the model in its present state, displays the shortcomings of most urban models that are founded on the assumptions of neo-classical economics. As Harvey (1973) points out, these assumptions apply universally to every mode of production and consequently blur important distinctions concerning the nature of the urban markets. Thus, in the current model, critical issues regarding the role of the construction companies in the formation of housing prices are neglected. While we retain the perspective that agent-based models can provide insight into the role of construction companies in the formation of housing prices, we suggest that for future work, a deeper theoretical understanding outside the confines of neo-classical perspective is necessary. Since the initial submission of this research paper, we have shifted our attention to the delineation of this understanding. Thus, we are hopeful that, by the time of the conference presentation, the hypotheses tested in HoML regarding the role of the construction firms within the housing markets will take into account the prevailing mode of production and address critical concerns which are usually neglected by neo-classical economics.
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